INTRODUCTION
Possible health effects due to exposure to extremely low frequency magnetic fields (ELF-MF) have become considerable public concern recently. The ELF-MF arise from a variety of sources including power distribution network, public transportation systems and electrical appliances. Several epidemiological studies on cancer in children and occupationally exposed adults have shown an association between elevated risk of cancer and exposure to ELF-MF'6). The issue still remains controversial and several authors have argued that the empirical evidence was too weak to override objections stemming from the lack of biological plausibility and the absence of an animal model',''.
There have been numerous studies of possible ELF-MF effects on cell growth. However, the results have been largely inconsistent'-"). On the other hand, there are reports that exposure of cells to ELF-MF may increase the expression of regulatory genes, especially c-myc'¢''). The effect also remains somewhat controversial with recent reports clearly refuting some of the earlier claims",").
Previously, we designed and manufactured an equipment for high-density exposures of cultured cells to ELF-MF13), and we reported the enhanced (3-galactosidase gene expression in PC12-VG cells21) and induction of mutation in human cells22). Exposure conditions in our study and others differ markedly , the highest magnetic flux density in our study, 400 mT, being approximately 16 to 80000 times higher than in other studies. Here, we designed and manufactured a pair of equipment, one for long-term and low-density exposure of cultured cells to ELF-MF and the other for the sham-exposure, and examined whether the exposure to ELF-MF induced alterations in cell growth and c-myc mRNA expression in Chinese hamster ovary (CHO) cells. A magnetic flux density at the center of the exposure space is variable from 0 to 9 mT (rms)with the varying output of 0 to 90 V at 60 Hz and 15 A, by the slide regulator. Figure 2 shows the distribution of the magnetic flux density measured by a Gauss Meter (model 3251, Yokogawa Electrical Co., Ltd., Tokyo).
The density is homogeneous within 3% difference in the cylindrical exposure space (14 cm in height and 20 cm in diameter) housing sixteen 10 cm or four 15 cm culture dishes. The magnetic flux densities of the cultured space in the sham-exposed incubator and the conventional incubator are lower than 1.0.tT and 0.57 µT, respectively. Ham F-12 medium supplemented with 10% fetal bovine serum. They were exposed or sham-exposed to ELF-MF (5 mT) for up to 130 hr. CHO cells were also incubated in a conventional CO2 incubator placed in a separate room to confirm that the newly designed system worked normally. The cell number per plate was measured using a Coulter counter (model ZM, Coulter Electronics Ltd., Luton Beds, England). Figure 3 shows the growth curves of cells, doubling time (mean±SD) being 15±1.7 hr, 15±2.1 hr and 15±2.3 hr for the cells exposed, sham-exposed and incubated in a conventional incubator, respectively. No significant difference in the growth rate of the cells was observed.
Exponentially growing cells were exposed to ELF-MF, sham-exposed, or treated with 12-0 tetradecanoylephorbol-13-acetate (TPA, 30 ng/ml) in a conventional incubator for up to 3 hr. Then , total RNA was isolated from the cells after each treatment by the guanidine hydrochloride method, and northern blottings23.24) with c-myc DNA probe, a 1.0 kb BamHI-SW fragment of pRSVmyc2neo24), and with (3-actin DNA probe, a 0.5 kb Hinf7 fragment of (3-actin gene 25), were performed. Figure 4a shows the c-myc , (3-actin mRNA expressions and ribosomal RNA (rRNA) in each sample and Fig.4b shows the relative amount (c myc/28S rRNA) as a function of the exposure time. The amount of 28S rRNA was used as the standard . No significant increase in the c-myc expression was observed by the ELF-MF exposure. For the positive control , the c-myc expression increased transiently by the treatment of CHO cells with TPA (Fig.4b) . 
DISCUSSION
The long-term (up to 130 hr) exposure to 5 mT ELF-MF did not affect the growth rate of CHO cells (Fig.3) . Livingston et al. 12) reported that growth rate and reproductive integrity of human lymphocytes and CHO cells were unaffected by exposure to 220 µT ELF-MF (60 Hz) for 96 hr. Our previous study 13) also
showed that growth of human HL60RG and CCRF-CEM cells was normal when they were exposed to the high-density (400 mT) ELF-MF for up to 120 hr. From these results, we conclude that exposure to ELF-MF have no effect on cell growth in wide range of the magnetic flux density. Goodman and Henderson and coworkers14-'S) reported that transcription of the c-myc and other genes was initiated by exposure to ELF-MF. Increases in c-myc, (3-actin and histon H2B transcript levels up to threefold measured by the dot-blot analysis in HL60 cells after exposure for 20 min to different ELF-MF , (0.38 to 3.5 mT) including a 60 Hz sine wave were noted"). Increased c-myc expression was also reported26.2'1 as the steady-state level of c-myc mRNA measured by northern blots was enhanced relative to P-actin expression, 2.8-fold maximum, in Daudi cells after exposure to 0.1 to 1.0 mT 60 Hz magnetic fields. In the recent reports 19'20) , however, no significant effect of ELF-FM on c-myc and/or (3-actin expression was observed using materials, exposure conditions, and analytical methods similar to the methods of early reports by Goodman and Henderson'6-111. Our results also showed that no significant increase in c-myc mRNA expression was observed in CHO cells after exposure to a 60 Hz ELF-MF at 5 mT, when the amount of 28S rRNA was used as the standard") (Fig. 4) . We also observed no significant change in (3-actin expression by exposure to the ELF-MF (data not shown). For the positive control, we showed that the treatment with TPA produced a transient increase with a maximum change of approximately 2-fold in c-myc expression (Fig. 4b) , which was similar to the results reported previously2s •29) . Although the existence of the effect of ELF-MF on gene expression has been contradictory among the reports, we believe that there is no or very little effect on gene expression by exposure of cultured cells to the low-density ELF-MF.
The question of whether ELF-MF exert biological effects, in particular with any increased cancer risk, is controversial. Our previous observations showed the positive effects of ELF-MF on 3-galactosidase gene expression") and mutation induction"). However, the magnetic flux density we used (400 mT) was very high being 16 to 80000 times higher than the range from 5 µT to 25 mT used by other investigators. The density used in this study, 5 mT, is the maximum permissible density in the guidelines from the International
